Doppler ultrasound systems are widely used to study blood flow and diagnosis of vascular diseases. An important characteristic of these systems is the ability to detect the direction of the blood flow. Most Doppler ultrasound systems apply a quadrature demodulation technique on the ultrasonic transducer output signal. 
Introduction
At present Doppler ultrasound systems are widely used to study blood flow and diagnosis of vascular diseases. The wide use of these systems is mainly due to their noninvasive characteristics and their relative low cost. An important characteristic of the modern Doppler instruments is that these are able to obtain the direction of the blood flow in a accurate manner for which there are several proposed techniques. These equipments mainly use the demodulation in quadrature technique of the signal from the ultrasonic transducer (Evans et al., 2000) . The result of this demodulation is two signals in quadrature which are filtered to eliminate the high frequency components. These signals known as signals in phase and in quadrature require an additional processing to be able to extract the blood flow direction (Evans et al., 2000) (Nizamettin, et al., 1994) . Analogue methods have been typically used to perform this decodification basing its operation in the treatment of the signal in the phase and frequency domains. Diverse and novel algorithms have been proposed, showing the advantages of the digital techniques over the analogue techniques (Nizamettin and Evans, 1994, 1996) , (Marple, 1999) .
This work presents a digital method to convert signals in quadrature into directional signals (forward and reverse flows) using a FFT and IFFT transforms to implement the Complex Discrete Fourier Transform (CDFT) and the Inverse Complex Discrete Fourier Transform (ICDFT) respectively as shown in figure 1. The advantage of having on one side a signal in phase and on the other side a signal in quadrature is that we have the possibility to store the information of the forward and reverse flows in an independent form in the time domain, allowing to perform a detailed study of the behavior of the blood circulation within the A. Sotomayor-Ortega, M. Fuentes-Cruz, F. García-Nocetti, E. Moreno-Hernández, M. Barragán-Ocampo and P. Acevedo-Contla irradiated zone and to show in an independent way the flow in each direction.
Description of the method
The blood flow Doppler signal x(t) has flow information in the forward and reverse direction for two signals in perfect quadrature and balanced in amplitude (Nizamettin and Evans, 1994 ).
therefore:
The Doppler discrete signal can be modelled as a complex signal analytic (Vaitkus et al., 1988) as follows:
where D n [ ]and Q n [ ]are the real signals in phase and in quadrature respectively in discrete time. Under conditions of stable flow, forward and reverse flow components can be implemented using the algorithm shown in figure 1, calculating the CDFT can be expressed as:
where
An analytic signal s(t) in continuous time corresponding to a real signal of finite energy is defined in the frequency domain (Papoulis, 1977) 
In the time domain:
from equations (4) y (14). Applying the proposed algorithm we have: 
Simulation
To evaluate the performance of the implemented algorithm it was necessary to simulate a simple signal which includes the forward and reverse flow components:
where w f and w r represent the forward and reverse flow components, respectively. The reverse flow component was kept as a constant varying only the forward flow component (from 150 Hz to 8000 Hz) calculating the level of separation using the following expression: (18) Figure 2 shows the plot of the level of separation obtained with the implemented algorithm within the wideband under study. It is clearly seen that for frequencies under 1 KHz the level of separation is within -54 and -40 dB, this is due to the method which introduces frequency components to the output signal due to the discontinuities caused by the effects of the borders of the applied window before the FFT calculation. However as the level of these signals and their harmonics are lower than -40 dB the effect on these are negligible.
To display the corresponding spectrum of the signal under study a 2-D spectogram representation like the one shown in figure 3 was used, since this is the typical method used in ultrasonic Doppler systems.
To obtain this representation the Short Time Fourier Transform (STFT) was evaluated using 10 ms Hanning windows over consecutive segments of the signal. To minimize the effects of the data segmentation an overlap technique between windows was used 
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allowing to minimize discontinuities present in the time domain. Figure 3 shows the spectogram of the ultrasonic Doppler signal in a cardiac cycle.
Results Figure 4 shows signals in quadrature D(n) and Q(n) for a cardiac cycle. These signals are obtained using demodulation in quadrature of the signal from the transducer (both signals are filtered to eliminate the high frequency components). Figure 5 shows the signals already separated after applying the described method, it is clearly observed the moment when the direction of figure 3 ). It is worth mentioning that the level of separation was approximately -56 dB within the bandwidth under study, this level is higher than ones reported in previous works.
Conclusions
The method described in this work requires basically the evaluation of a Fast Fourier Transform (FFT) and an Inverse Fast Fourier Transform (IFFT), therefore, this method can be implemented in a very efficient way on Digital Signal Processor (DSP) based architectures. It is worth mentioning that the level of separation of the forward and reverse flow signals obtained was around -56 dB within the operation bandwidth, this result is a higher value than the values recently reported. It is also worth mentioning that the method was implemented on a bi-directional ultrasonic Doppler system based on a personal PC which is capable of processing and displaying in real time the forward and reverse flow signal spectograms in two independent windows as well as supplying this information in two separate audio outputs. 
